amino acids. It plays an important role as a growth promoter [3] [4] .
Introduction
Poultry production plays an important role in bridging the protein gap. However, the high cost of feed ingredients especially protein and carbohydrate sources decreases significantly the productivity as well as the profitability of the intensive poultry production system. Using antibiotics as routine feed additives have been banned for possible antibiotic residual effects besides developing drug-resistant microorganisms [1] . Phytogenic additives in animal nutrition were the future for their potential role as alternatives to antibiotic growth promoters [2] . Moringa is a fast-growing plant widely available in tropics and subtropics countries. The plant is a good source of vitamins, minerals and M. F. EL DAKROURY
Materials and Methods

Chickens and management
A total of 160 chicks one day old Hubbard chicks (from commercial source) were used in the present study. Feed and water were ad-libitum offered. Diets were formulated to meet the requirements of broiler chickens as recommended in NRC [8] and presented in Table 1 . The chicks were floor reared in experimental rooms bedded by chaffed wood and provided with clean feeders and drinkers.
Preparation of Moringa oleifera powder
Dried mature Moringa oleifera leaves were purchased from a local market, cleaned, chopped to small pieces then grounded into a powder.
Chemical composition of investigated Leaves
Moisture content, ash, crude fiber, crude lipid and crude protein were determined according to AOAC [9] . Carbohydrate content was determined according to Masuko et al [10] .
Experimental design
The chicks were randomly divided into four equal groups, 40 of each. Group (1) was used as a control group. Groups (2), (3) and (4) received MOLM at levels of 2.5%, 5% and 7% of the feed respectively till the end of the experiment (42 days).
Clinical signs, mortality rate and growth performance
Clinical signs and mortality rate were recorded daily. Live body weights and the total amount of feed intake were recorded weekly till the end of the experiment (42 days) for all birds. The FCR was calculated (feed intake/weight gain). Gross lesions of the internal organs for either slaughtered or dead chicks were recorded.
Vaccination program
All chicks were vaccinated with Izovac®-B1 Hitchner and Nobilis® ND-LaSota vaccines at 7 th and 18 th day of age (by intraocular route), respectively.
Sampling
At 14 th and 42 th day of age, five blood samples from each group were collected via the wing vein in two test tubes of each bird; one of them had EDTA (Sigma) for immediately hematological examination and the other for serum collection and preservation (at -20 °C) for subsequent biochemical examination. At the end of the experiment, birds were sacrificed and the weights of breast meat, gizzard, heart and liver were recorded.
Biochemical examination
Frozen serum samples were conducted for determination of aspartate aminotransferase (AST), alanine aminotransferase (ALT) (Randox Co., UK), alkaline phosphatase (ALP) (El tech, France), total protein (TP), albumin (Stanbio, USA), uric acid (Biomed, Germany), urea (Diamond, Egypt), creatinine (Human, Germany) and total antioxidant capacity (Bio-Diagnostic, Egypt) as recommended by manufactured sources. Globulin and albumin globulin (A/G) ratio were calculated [11] . EVALUATION OF Moringa Oleifera LEAVES POWDER ON SOME BLOOD PARAMETERS …
Hematological examination:
Manual RBC count and TLC counts were performed using Natt and Herrick solution and improved Neubauer haemocytometer [12] . Phagocytic activity was also estimated according to Barry et al. [13] . The Hb concentration was determined spectrophotometrically after centrifugation. PCV, mean corpuscular volume (MCV), MCH and MCHC were calculated and differential leukocytes count was done manually [14] .
Statistical analysis:
All obtained data were recorded and analyzed statistically [15] .
Results
Administration of MOLM to the broilers at levels of 2.5%, 5% and 7 % for 6 weeks revealed that:
Hematological examination
Tables 3-6 demonstrated the hematological profile of the experimental chickens. The RBC count of the three MOLM groups was improved significantly at 14 th and 42 nd days of age compared with a control group. Moreover, at the 42 th day of age, the last group given MOLM (7%), had MO, Moringa oleifera leaves powder; different superscript letters (a, b) in the same vertical column are significantly different at P < 0.05 significantly higher levels of Hb, MCH, MCHC and TAC than control one, in addition to the immunological response of the total leukocytes count (TLC), lymphocytes levels and phagocytic activity.
Biochemical examination
There was no statistically significant difference in AST, ALT, ALP, urea, uric acid and creatinine levels between all treated groups and control one at the two experimental periods. Meanwhile, on the 42th day of the experiment, total protein (TP) and globulin levels were significantly elevated in MOLM 5 % and 7% groups compared with a control group (Table 5) .
Clinical signs, mortality and growth performance
The obtained data presented in Tables (6) and (7) showed that, the inclusion of MOLM at levels of 5% and 7% improved the weight gain (2% and 4% ) respectively , FCR (1.84 and 1.87) in the treated groups than in control one (2.06) and decreased the mortality % (7.5%) in comparison with control (15%) and 2.5% MOLM groups (12.5%). On the 42th day of the experiment, breast meat weights in the group (4) were improved (9 %) than control. MO, Moringa oleifera leaves powder; different superscript letters (a, b) in the same vertical column are significantly different at P < 0.05. 
Discussion
Regarding the hematological results, red blood cells are responsible for the transportation of oxygen and carbon dioxide to the tissues along with carring hemoglobin. Normal cell blood count (CBC) means normal hematological tissue and its requirements [16] . White blood cells play an essential role in both humoral and cellular immunity [14] . Present results were between significantly unchanged pictures and improvement of most hematological profile especially of the 4th group (7% MOLM). These results were in harmony with others but with different doses in diets, 0.75 and 1% [4] . On the other hand, at levels of 0.2%, 0.4%, 0.6% for 28 days [5] and 400 or 600 g MO/75 kg of feed for 21 days it did not make any change [3] . This may be due to low MOLM levels and short duration of treatments. On the the contrary, Zanu et al. [17] recorded lowered MCH in chickens but with relatively high doses (10% and15%).
Interestingly, the fourth group (MOLM 7%) established the immunomodulatory action of the MOLM for several reasons: it had lymphocytic leukocytosis, higher phagocytic activity and TAC, normal liver and kidney function tests and elevation of TP and globulin levels. Improvement of phagocytic activity could be due to the contents of MOLM from vitamins and minerals which play important roles for the secretion of different cytokines essential for phagocytic activities [18] . The MOLM was enriched with phenolics, flavonoids [19] and vitamin C[20], inhibited the formation and retention of free radicals in the organs of the chicken. The MOLM had raised the level of TLC with doses of 5, 10, 15 and 20% in broiler diet [21] . However 10% -15 % of MOLM increased white blood cell and lymphocytes [22] . It induces also, a positive influence on PCV and RBC of broilers [23] . This is a pointer that, MOLM had a high nutritive value and could be used as a raw feed additive in broiler rations without causing any harmful effect on blood indices.
MOLM had hepatoprotective effects [24] . The current biochemical results showed normality in all studied parameters except elevation the TP and globulin. Normal liver and kidney function tests reflect the liver and kidney state. Uric acid is the main end product of the metabolism of nitrogen and purine proteins in birds. Serum proteins had many functions like maintenance of the colloidal osmotic pressure and pH of the blood, transportation of hormones, enzymes, chemicals and aids in body protection [14, 25] . Serum TP had improved at 2.5% and 5.0% MOLM in broilers [26] . Contraries, MOLM supplementation (0.5, 1.0, 1.5 and 2.0%) to broiler chickens feed had mildly reduced the TP, albumin, ALP and uric acid [3] . Also, protein, uric acid and liver enzymes (AST and ALT) were decreased at 20% MOLM level [27] . However, 5% and 10% MOLM had reduced the albumin and TP and increased the uric acid levels in another study [3] . In general, MOLM was able to be a natural feed additive in broilers chicken without any important negatively influences due to the high nutritional value, antimicrobial and immunomodulatory properties.
The present data indicated the positive effect of dietary supplementation of MOLM at levels of 5% and 7% on growth performance represented by improved weight gain and FCR was in agreement with Igugo [4] . Also, it improved the carcass yield of broiler chicken [28] and its adds up to 24% feed did not cause any adverse impact on growth performance and organs characteristics [29] . This may be due to MOLM is a good source of many minerals, vitamins as well as amino acid which acting as growth promoters, absorption enhancers, antimicrobial agents and metabolic modifiers beside immunomodulatory properties [3] . The dose of 5% secondly 10% MOLM were achieved the most preferable results and quality.
Conclusion
It could be concluded that MOLM (7%) could be used as a natural, effective and safe alternative to growth promoting antibiotics in broilers chicken to decrease incidence of antibiotics resistant. This effect was not noticeable at a level of 2.5%.
